Attempts to explain red tide phytoflagellates blooms have frequently considered the importance of factors associated with terrestrial run-off such as nitrogeneous and phospho rus nutrients, organic substances, trace metals and with some physical oceanographic conditions.1-5) However, the mechanisms underlying of the outbreaks of red tides vary in different regions and many problems need to be solved in order to obtain a complete understanding of the mechanism.
Physiological and biochemical studies on the growth of some marine phytoflagellates are also required to make clear the cause of the outbreaks of red tides. Iwasaki6) mentioned that knowledge of the physiological characteristics of red tide organisms was indispersable to understand the growth mechanism of red tides.
The studies of the chemical compositions of phyto planktons also have been motivated by the importance of such information in general physiology and ecology.7-9) However, little is known concerning the changes in chemical compositions that seem to be associated with the outbreaks of red tides. Some of the published data are concerned with the life cycle stages and focused on the biochemical changes during cyst formation. For example, Binder and Ander son 11) examined the biochemical composition and metabol ic activity of vegetative cells and cysts of Scrippsiella trochoidea. Recently it was reported that the content of adenosine triphosphate (ATP) and amino acids in phytoflagellates changed remarkably through their life cycles. l2-14)
Such biochemical changes occurring inside the cell are needed to prepare the cell for division during the exponen- 
Results
Changes in Cellular Contents of Carbon, Nitrogen, and Phosphorus Alexandrium catenella and S. trochoidea grew exponen tially in ESM-culture medium at a rate of 0.26 and 0.18 divisions day-1, respectively. During the early exponen tial phase, they grew at a rate of 0.93 and 0.22 divisions day-1, respectively. In S. trochoidea, first planozygote ap peared after 13 days from incubation. Stationary phase cells of S. trochoidea were considerably smaller than expo nential phase cells.
Cellular carbon contents of A. catenella and S. trochoidea were between 0.9 and 2.5 ng cell-1 throughout the growth cycles ( Fig. 1) . Their contents during the early exponential phase were higher than those of other growth phases. In A. catenella, carbon per cell increased twice of its initial level after 3 days since the start of incubation. Thereafter, it gradually decreased to the same level as the initial level while cells reached the late exponential phase. Cellular carbon of S. trochoidea increased about 30% of its initial level after 2 days since the start of incubation, and then decreased becoming nearly constant during the late exponential phase.
Changes in cellular nitrogen of A. catenella and S. trochoidea followed generally the same patterns as the changes in those of cellular carbon (Fig. 1 ). The amount of nitrogen per cell in A. catenella increased from 250 pg cell-1 to 384 pg cell-1 after 3 days since the start of incubation.
Thereafter, it markedly decreased during the growth. In S. trochoidea, the amount of nitrogen per cell increased from 217 pg cell-1 to 297 pg cell-1 after one day since the start of incubation, and then it decreased rapidly. An increase was again observred when cells reached the mid exponential phase of growth.
The C : N ratios of A. catenella increased from the lag phase to the early exponential phase and then decreased. An increase occurred again when cells reached the stationary growth phase (Table 1 ). In S. trochoidea, the levels of C : N Table 1 . Changes in C : N, N : P, C : N : P, and ATP-P : TP ratios, and percentages of carbon (AA-C) and nitrogen (AA-N) contents of total amino acids in cellular carbon and nitrogen during the growth of Alexandrium catenella Table 2 . Changes in C : N, N : P, C : N : P, and ATP-P : TP ratios, and percentages of carbon (AA-C) and nitrogen (AA-N) contents of total amino acids in cellular carbon and nitrogen during the growth of Scrippsiella trochoidea ratios during the growth cycle were between 6.5 and 9.4. During the lag and early exponential phases, the C : N ratios were higher than the other phases (Table 2) . Total cellular phosphorus in A. catenella increased about 50% of its initial level after a few days from the incubation. Thereafter, it decreased remarkably and became nearly constant during the stationary phase ( Fig. 2A) . In S. trochoidea, cellular phosphorus increased about 77% as much as its initial level after 2 days since the start of incubation, and then it markedly decreased. An increase occurred again while cell reached the mid exponential phase (Fig. 2B) .
The changes in C : N and N : P ratios of A. catenella and S. trochoidea are given in Tables 1 and 2 , respectively. The ratios of phosphorus to carbon for A. catenella during the lag and exponential phases were higher than those of the stationary phase. However, the mean value of the ratio of C and N to P in A. catenella throughout the growth cycle (Table 1) very near approximated to the Redfield number (C: N : P =106: 16: 1).19) In the case of S. trochoidea, the ratios of phosphorus to carbon were nearly constant throughout the growth cycle. These ratios were slightly low compared with that of Redfield number.
Changes in Cellular Content of ATP
Changes in cellular content of ATP in all of A. catenella and S. trochoidea followed the same patterns as the changes in total cellular phosphorus (Figs. 2A, B) . In A. catenella, ATP per cell were between 2.73 and 6.44pg ATP cell-1 from the lag phase to the early exponential phase and varied between 2.22 and 3.29pg ATP cell-1 from the mid exponential phase to the stationary phase. It increased markedly after inoculation, reaching a maximum of 135% higher than its initial level after 3 days since the start of the incubation. Thereafter, it rapidly decreased to the same initial level after inoculation for 8 days and became nearly constant from the late exponential phase to the end of experiment. The ratios of cellular ATP-phosphorus to the total cellular phosphorus (ATP-P/TP) were between 0.011 and 0.026 during the growth cycle ( Table 1 ). The mean value of ATP for A. catenella throughout the growth cycle was 0.21 % of total cellular carbon (w/w), with C.V. of 10.0%. In the case of S. trochoidea, the amount of ATP per cell were between 2.65 and 4.14pg ATP cell-1 during the growth. Cellular content of ATP increased from 3.24 to 4.13 pg ATP cell-1 after 4 days from the incuba tion. Thereafter, it progressively decreased and fluctuated between 2.70 and 3.22pg ATP cell-1 from the mid exponential phase to the end of experiment (Fig. 2) . The ATP-P : TP ratios were between 0.018-0.031 during the growth cycle ( Table 2 ). The mean value of ATP throughout the growth cycle was 0.19% of total cellular carbon (w/w), with a C.V. of 18.3%.
Changes in Cellular Contents of Amino Acids
In A. catenella, total amino acid gradually increased during the lag and the early exponential phases of growth. Thereafter, it decreased and became nearly constant from the late exponential phase to the end of experiment (Fig.  3A) . The total amino acid in S. trochoidea also increased markedly during the lag phase (Fig. 3B) . Thereafter, it decreased rapidly. An increase occurred again when cells reached the mid exponential phase. The mean values of carbon and nitrogen contents in total amino acids of A. catenella throughout the growth cycle were 23.5 and 44.6% (w/w) of total cellular carbon and nitrogen, respectively (Table 1 ). In S. trochoidea, the mean values of carbon and nitrogen contents in total amino acids throughout the growth cycle were 31.7 and 67.1 % (w/w) of total cellular carbon and nitrogen. respectively (Table 2 ). Figure 4 shows the relative abundance of amino acid during the growth cycles of A.catenella and S. trochoidea. Glutamic acid was found to be the dominant amino acid component in cell of A. catenella and A.Trochoidea during growth followed by glycine, alanine, aspartic acid, and leucine. The relative abundance of glutamic acid in A. catenella increased rapidly during the lag and early exponential phases, then it decreased gradually. An increase occurred again when cells reached the mid exponential phase of growth. The relative abundance of arginine was nearly 
Discussion
In general, the increase in the numbers of planktons cell was rather slow during the lag phase after a few days from the start of incubation.20)
The results of this study demonstrated that A. catenella and S. trochoidea changed their biochemical components during the lag and the early exponential phases of growth. This suggested that cells transferred from the stationary phase of low metabolic activity need to adapt themselves to grow in a new culture medium.
The cellular carbon in both dinoflagellates increased sharply during the lag and the early exponential phases of growth, presumably reflcting increases in photosynthetic rate and accumulation of new products such as carbohy drate, ;rotein and lipid necessary for cell division, which accelerated rapidly after this period. Since the number of planozygotes in the culture medium from the mid ex ponential phase appeared in more than 10% of vegetative cells, the increase in carbon per cell in S. trochoidea when cells reach the mid exponential phase presumably reflects the formation of planozygotes (Fig. 1) . The cellular levels of phosphorus in A. catenella and S. trochoidea during the lag and the early exponential phases increased about 50 and 77% of their initial levels, respectively. This indicates that absorption of phosphorus was enhanced during these phases. When the cells reached the stationary phase of growth, the phosphorus levels in cells of A. catenella and S. trochoidea decreased about 50 and 10% of those cells at the exponential phase , respective ly. As the phosphorus contents in culture media almost disappeared during the stationary phase, the accumulation of phosphorus in early stages appears to play an important role for their growth. These results are consistent with the results of Lirdwitayaprasit et al. 13 ) which found that cel lular phosphorus inS. trochoidea cultured in PO43-P limited encystment medium decreased about 40% between vege tativ cccells at the exponential phase and the stationary phase. Watanabe et al. 21.22) reported that the cellular phosphorus in Heterosigma akashiwo increased during the growth processes and the cells were able to continue their growth although the phosphorus in the medium was un detectable. Moreover, phosphorus per cell of A. tamarense, culture in PO43-P limited encystment medium increased dramatically following inoculation and then decreased slowly after the second day to a substistence quota of 27 pg P cell-1 on the 8th day, a level of 10% of the maximum.16) Meksumpun et al. 23) reported that the mean value of the ratios of C : N : P throughout the growth cycle of Chattonella antiqua was 106: 13.1 :0.8. In this study, we found that the mean values of these ratios in A. catenella (C : N : P) =106 :16.1:1.0) and S. trochoidea (C : N : P = 106: 14.2:0.7) were different values. These occurrences may support the idea that the ratios of C : N : P vary among organisms.
The changes in cellular ATP in each dinoflagellate followed the same general pattern as the changes in cellular phosphorus. The cellular content of ATP in A. catenella and S. trochoidea increased about 135 and 28%, respec tively, of their initial levels after 2 or 3 days since the start of incubation (Fig. 2 ). These results demonstrate that during this period, the cells can increase production of ATP and other phosphorus compounds by increasing the rate of phosphorus absorption from the new culture medium. It was observed that cell numbers increased rapidly after the cellular contents of ATP markedly increased and reached a maximum level. During this period, A. catenella and S. trochoidea grew exponentially at rates of 0.93 and 0.22 divisions day-1, respectively. These results indicated that ATP was accumulated in preparation of cell division. After the early exponential phase of growth, the cellular content of ATP decreased and became stable from the late exponential phase to the end of experiment. This is prob ably due to the limiting of phosphorus concentration in the culture medium and the reduction of photosynthetic activity. Binder and Anderson11) reported that Chl-a in S. trochoidea grown in encystment medium during the stationary phase was significantly lower than that of cells in the exponential phase. This result supports the finding that photosynthetic rate of cells during the stationary phase was lower than that for cells the exponential phase, reflecting the decrease of cellular content of ATP during the stationary phase. Lirdwitayaprasit et al. 13 ) also reported that the cellular content of ATP in A. catenella and S. trochoidea, grown in a PO43-P limited encystment medium during the stationary phase were lower than those cells in the ex ponential phase. The ATP-P : TP (total phosphorus) ratios of A. catenella and S. trochoidea also increased dur ing the early exponential phase and became nearly stable at a value of about 0.020 from the mid exponential phase to the end of experiment. Okaichi24) reported that the ratio of ATP-P to TP in C. antiqua and Heterosigma akashiwo increased during the early exponential phase and became nearly costant at a value of about 0.025 during the station ary phase of growth.
The results of cellular amino acids showed that glutamic acid, glycine, alanine, aspartic acid, and leucine were predominant in A. catenella and S. trochoidea. Many published data show that glutamic acid is the most pre dominant amino acid component in dinoflagellates. 13, [25] [26] These data agreed with the results of this study. Therefore, most of the organic nitrogen could be accounted for in terms of amino acid nitrogen. 27) In this study, the results showed that the mean values of nitrogen content in total amino acids throughout the growth cycles of A. catenella and S. trochoidea were higher than 40 and 60% of total cellular nitrogen, respectively. Moreover, the changes in cellular amino acid followed the same genral pattern as that for cellular nitrogen. These findings should conclude that cells accumulate nitrogen compound mainly in the form of amino acids. Since the increase in cellular amino acid during the lag or the early exponential phase showed that cells during this stage could adapt themselves very quickly and accumulate the substances necessary for cell division, this result coincides with the definition of lag phase which refers to a period of restoration of enzyme and substrate concentrations to levels necessary for rapid growth. Interestingly, the relative abundance of arginine in A. catenella increased markedly from the stationary phase to the end of experiment. This result is similar to that reported by Lirdwitayaprasit et al. 13) Moreover, it has been reported that arginine and ornithine were precursors to sacitoxin and gonyautoxin. 28) The data suggest the idea that the increase in the relative abundance of arginine during the growth processes of A. catenella is probably associated with the synthesis of some toxic compounds. The results indicate that changes in amino acid composition play an important role in the growth processes of these marine dinoflagellates.
Our present study provided more detail to clarify the causes of outbreaks of red tides. In nature, some factors induce cyst germination, and newly germinated cells are inoculated into the water column as a seed population . If the surrounding environment is in optimal conditions for their growth, these-cells increase rapidly and occur as red tides. In this study, the same phenomena have been revealed under laboratory conditions. Cells can rapidly adjust their biochemical conditions after inoculation into the new culture medium and accumulate the chemical components for necessary preparation of cell division, thus quickly increased after a lag phase. Such a biochemical preparation in the red tide organisms also plays an important role in the outbreak of red tides.
